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Abstract
An implementation of a low pressure meter based on a capacitive micro sensor is exposed in this paper. In the first part, we
presented the analysed sensor’s structure and the developed theoretical model that permits to simulate the variation of its
capacitance under applied absolute pressure.
Keeping in mind that the variation of the sensor’s capacitance is non linear and to allow for a direct measure of applied absolute
pressures in a specified range and with a specified resolution, we proposed geometrical sizes for the design of the studied sensor.
From the theoretical study, we deduced a suitable model for low pressure measurement. Considering this model, we developed
in the second part an electronic associated conditioner using a differential sensing procedure that permits the direct display of low
pressures with a desired resolution. An experimental setup with some results was shown by the end to confirm the validity of the
proposed model.
© 2009 Elsevier B.V.
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1. Introduction
Microelectronics has known very important development. Specific manufacturing techniques have been
developed to reduce the cost of objects using this technology [1, 2]. In particular, Micro Electromechanical Systems,
called by the acronym MEMS, which combine mechanical, optical, electromagnetic, thermal and fluidic in
electronic semiconductor substrates drivers, have benefits widely of this development [3, 4, 5, 6].
In the area of pressure measurement, research efforts have been directed to the sensors based on a capacitive
architecture. In fact, capacitive sensors, compared to piezoresistive sensors, may have characteristics almost
independent of temperature. The result is an improved reliability and a reduction in the cost of the sensor [7, 8, 9,
10].
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In the first part of this paper, a theoretical model including the edge effects of the studied structure of a capacitive
low pressure sensor is presented. A study and a parametric characterization of the capacitive pressure sensor is
conducted [11, 12].
In the second part, it was proposed a simplified model suitable for low pressure range. Based on this model, we
developed an absolute pressure meter that allows a direct display of the sensed low pressure.
To verify the validity of this model, an experimental setup was realized and some experimental results are
exposed.
2. Presentation of the studied sensor
The capacitive sensor object of this study is composed of two circular frames with a parabolic cavity. The bottom
frame is fixed, while the upper frame is deformed under the applied absolute pressure P. Figure 1 shows a schematic
diagram of the studied sensor.
Fig. 1. Schematic representation of the capacitive sensor at rest
Under an applied pressure, the upper deformable frame undergoes a deflection w(x,y) at any point (Figure 2) and
produces a change in the capacity of the sensor. The geometry will be modeled by a circular area and two areas that
form an arch. The new term binding capacity to the applied pressure can be approximated by the sum of capacity
resulting from these two areas. The overall capacity of the sensor is given by:
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where w (x, y) is the deflection of the upper frame under the applied pressure P, Cbr is the resulting capacitance
the arc-shaped sides, dS is the surface element, d is the distance between the two frames.
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Fig. 2. Schematic representation of the sensor under applied pressure
In what follows, we assume that the constraints are weak which means that the deflection is small. The
expression of w under variation of ρ is given by [11,1,2] :
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where E is Young's modulus, e is the thickness of the membrane and  is the poisson coefficient. By stimulating the
expression of the deflection in the equation (1), we obtain :
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= is the deflection at the centre of the moving frame (ρ = 0 ).
To calculate the integral, we consider x given as :
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After development, equation (3) leads to following equation:
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Based on the range variation of the pressure, the term
x-1
x1ln + in equation (5) can be written as a Taylor series as
shown in equation (6) :
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Within the quasi-linear regime (w(0) << d ) and considering only the first order term, the previous expression of C (P)
can be written as :
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3. Operating principle of the low pressure sensor conditioner
The proposed sensor is a capacitive sensor whose variation of capacitance is a function of applied pressure field
as shown in equation (7).
By assuming that
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For low pressure (P << PM) and neglecting momently the correction term 2Cbr, equation (8) can be written as:
M
0
P
P1
C)P(C
−
≈ (9)
where C0 : the capacitance of the sensor at P = 0.
PM appears as the pression for which the fixed and the deformable frames shows a capacitance 02)( CPC ≈ . It
depends on the geometry of the sensor and the material’s properties of the membrane.
To obtain, for example, a pressure sensor which limits PM equals 100 Pa, we adopt the following geometrical
sizes: diaphragm radius R = 4 mm, diaphragm thickness e = 15 μm, distance between frames d = 3.5 μm, Young
modulus of the used material which is the silicon E = 130 GPa and Poisson ratio of silicon  = 0.28.
To measure low absolute pressures, a conditioner is associated to the sensor. This conditioner provides a
complete digital readout and performs the measuring function with a resolution P of 1 Pascal. The schematic
diagram of the proposed conditioner is shown in Figure 3.
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Fig. 3. Functional block diagram of the proposed conditioner
The reference logic signal whose frequency is f0 is generated by a TTL clock oscillator. Our sensor capacity C
(P) will be integrated in a second oscillator that provides a clock output signal with frequency f (P). f is the
frequency reflecting the change of pressure. These two respective signals supply an UP/down BCD counter as
shown in figure 3.
An additional control logic was associated to ensure at each measurement cycle: the reset the up/down counter,
the pulse counting at a fixed-frequency f0 for a duration , the count-down of pulses at frequency f during the same
period , the hold of the generated numerical code at the output of the counter in order to allow the display of the
measured pressure value.
To calculate the number n of output bits of the up-down counter and the count-up / down duration τ, we choose
to fix f0 at 10 kHz.
Knowing that
C
kf = with k a constant characteristic of the two clock oscillators, we obtain 0ff = for
0CC = . From the simplified relationship given by equation (9), it can be shown that :
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The number of pulses counted during the counting duration τ is given by :
00 fN τ= (11)
The down-counting pulses during the same period τ is given by :
fN1 τ= (12)
he equality between the two expressions of τ given respectively by equations (11) and (12) gives :
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The difference between N0 and N1 gives a number N which is proportional to the applied absolute pressure. The
number N is given by :
P.
P
fNNN
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From this latter equation, we deduce:
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the decimal value of the numeric code N obtained at the output of the counter during the hold phase, equals the
pressure P expressed in Pascal.
With chosen pressure PM = 100 Pa, a measuring range set at 40 Pa and a resolution P = 1 Pa, calculations of the
duration τ of the count-up and count-down phases in addition to the number of bits n of the up/down BCD counter
will be conducted as follows.
Keeping in mind that: P
P
fN
M
0τ
≈ and by differentiating this equation we obtain :
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From the latter equation, we obtain:
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Since the resolution P = 1 Pa, we obtain N = 1 and we deduce ms10=τ .
Keeping in mind that number N0 of pulses counted during the count up phase can be expressed as a function of
the number n of bits of the counter as shown in equation: 00 12 fN n τ=−= .
Consequently, the number n of bits will be:
( )
2ln
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By calculation, we obtain 7≈n bits.
Figure 4 shows the timing of the different logic control signals applied to BCD counter in order to achieve the
exposed measuring procedure.
Fig. 4. Timing diagram
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To allow for the display of pressure value, the resulting number N must be holded at the BCD counter outputs.
This is done by activation of the “ Hold “ input.
4. Experimental setup and validation
In order to test the functionality of the conditioner module and to allow for its calibration, an experimental
workbench was made. The calibration procedure of the conditioner module is performed by varying the capacitance
of a precision capacitor connected to the input of the conditioner. The variation of its capacitance simulates the
variation of the sensor capacitance under applied pressure. The experimental results show good agreement between
the theoretical and experimental values as shown in figure 6.
Fig. 5. Photography of the experimental setup
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Fig. 6. Experimental capacitance variation versus applied pressure
5. Conclusion
An analytical study was conducted on a capacitive micro sensor dedicated for absolute pressure measurement and
led to a model that takes into account the capacitance of boards. From this study, we obtained a theoretical model
giving the variation of its capacitance under applied pressure.
To exploit the micro sensor in low pressure measurement, we developed a simplified model and we proposed
geometrical sizes for its achievement. Based on this model, we designed an associate conditioner using a differential
measurement technique and allows a direct read out of the applied pressure with a defined resolution of 1 Pa.
A calibration setup of the conditioner was made using precision capacitances, simulating the sensor’s response to
the pressure. It shows a good agreement with the obtained theoretical results.
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